The influence of a staggered molecular field in frustrated rare-earth pyrochlores, produced via the magnetic iridium occupying the transition metal site, can generate exotic ground states, such as the fragmentation of the magnetization in the Ho compound. At variance with the Ising Ho 3+ moment, we focus on the behavior of the quasi isotropic magnetic moment of the Gd 3+ ion at the rare-earth site. By means of macroscopic measurements and neutron scattering, we find a complex situation where different components of the magnetic moment contribute to two antiferromagnetic non-collinear arrangements: a high temperature all in -all out order induced by the Ir molecular field, and Palmer and Chalker correlations that tend to order at much lower temperatures. This is enabled by the anisotropic nature of the Gd-Gd interactions and requires a weak easy-plane anisotropy of the Gd 3+ moment due to the mixing of the ground state with multiplets of higher spectral terms.
The influence of a staggered molecular field in frustrated rare-earth pyrochlores, produced via the magnetic iridium occupying the transition metal site, can generate exotic ground states, such as the fragmentation of the magnetization in the Ho compound. At variance with the Ising Ho 3+ moment, we focus on the behavior of the quasi isotropic magnetic moment of the Gd 3+ ion at the rare-earth site. By means of macroscopic measurements and neutron scattering, we find a complex situation where different components of the magnetic moment contribute to two antiferromagnetic non-collinear arrangements: a high temperature all in -all out order induced by the Ir molecular field, and Palmer and Chalker correlations that tend to order at much lower temperatures. This is enabled by the anisotropic nature of the Gd-Gd interactions and requires a weak easy-plane anisotropy of the Gd 3+ moment due to the mixing of the ground state with multiplets of higher spectral terms.
Pyrochlore compounds, of formula R 2 M 2 O 7 with R 3+ a rare-earth ion and M 4+ a metal ion, exhibit rich physics due to magnetic frustration [1] . Depending on the rareearth ion, that occupies a pyrochlore lattice made of corner-sharing tetrahedra, different magnetocrystalline anisotropies and magnetic interactions are present, giving a great variety of magnetic behaviors. The presence of a magnetic metal ion, like Ir 4+ , expands further the possible phases compared to the case of non-magnetic M . For most R 2 Ir 2 O 7 compounds, the Ir sublattice orders at rather high temperature (above 100 K for rareearths heavier than Nd) in the so-called all in -all out (AIAO) configuration where all the magnetic moments point alternatively inward / outward each tetrahedron [2] [3] [4] [5] . This produces a staggered molecular field on the rare-earth sublattice along the local 111 directions of the cubic unit cell, which can polarize the rare-earth magnetic moments (see Fig. 1(a) ). This is what happens for rare-earths with an easy-axis anisotropy along the 111 directions, so that the rare-earth sublattice orders magnetically in the AIAO configuration (see Fig. 1(b) ), as in the Tb and Ho compounds [4, 6] . At lower temperature, typically in the kelvin range, the R-R interactions become prominent. They actually slightly modify the Tb magnetic order [7] and have drastic effects on the Ho properties. In the latter case, the effective ferromagnetic interactions between the rare-earth ions compete with the staggered molecular field. This leads to the fragmentation of the magnetization, in which half of the Ho magnetic moment participates to an AIAO ordered state and the other half to a fluctuating Coulomb phase [6] . A very different behavior is observed in the case of Er which has an easy-plane anisotropy, i.e. the Er magnetic moments are perpendicular to the Ir molecular field. No order is detected by magnetometry down to 70 mK and the nature of the ground state remains unknown [4] . Among this family, the case of the Gd ion is singular. As a first approximation, the Gd 3+ zero orbital momentum (4f 7 , S=7/2, L=0) should lead to isotropic magnetic properties. Gd based pyrochlore compounds with non magnetic M ions attracted interest as possible realizations of the Heisenberg pyrochlore antiferromagnet where a spin liquid ground state was predicted [8, 9] . Real materials were however found to show different behaviors. For M = Sn, an ordered state with antiferromagnetic pairs, perpendicular to each other, on each tetrahedron, was identified below 1.4 K [10] (see Fig. 1(c) ). This Palmer-Chalker (PC) state had been predicted for a pyrochlore Heisenberg antiferromagnet in the presence of dipolar interactions [12] . In the Ti case, two phase transitions are observed, resulting in a partially disordered magnetic state, whose nature is still debated. These peculiar properties were ascribed to additional ingredients such as further neighbor interactions or additional anisotropies [13] [14] [15] [16] [17] .
In this letter, we investigate the magnetic behavior of a Gd pyrochlore with Ir on the metal ion site. Given the strength of the Ir molecular field, and the absence of strong single ion anisotropy, one would naturally expect the Gd magnetic moments to align along the AIAO Ir molecular field. We show however that, in addition to the AIAO ordering, a PC component develops at low temperature due to anisotropic Gd-Gd interactions and weak easy-plane single-ion Gd 3+ anisotropy, both competing with the Ir molecular field. Our analysis emphasizes the role of the Gd anisotropy resulting from mixing of the ground state with multiplets of higher spectral terms, which is often overlooked in studies of Gd compounds. Pyrochlore iridates crystallize in the Fd3m cubic space group, with the Gd and Ir occupying the 16d and 16c Wyckoff positions, respectively [1] . Gd 2 Ir 2 O 7 polycrystalline samples with natural Gd and isotopic 160 Gd were synthesized by a mineralization process. The starting reagents Gd 2 O 3 and IrO 2 were mixed together with a small amount of potassium fluoride flux and pressed into a pellet before undergoing a heat treatment. The phase purity and structural quality were checked by xray diffraction for both samples. Their lattice parameter and the x coordinate of the 48f O were found at room temperature equal to 10.295(1)/10.277(1) Å and 0.333(1)/0.343(1) for the natural and isotopic samples respectively.
The sample with natural Gd was used in the diffraction experiment [18] performed on the D4c hot neutron diffractometer of the ILL [19] , with an incoming wavelength λ = 0.50 Å. The 160 Gd sample was used in the diffraction measurements at ILL on the thermal neutron diffractometer D1B with λ=2.52 Å [18] and on the polarized neutron diffuse scattering spectrometer D7 with λ=3.12 Å [20] . On D7, the XYZ neutron polarization analysis method allowed to extract the magnetic signal [21] . Magnetic excitations were measured on the same sample on the IN6 time-of-flight spectrometer at ILL with λ=5.1 Å [22] . The high temperature magnetometry (2-300 K) was performed on both samples with similar results using a Quantum Design MPMS SQUID magnetometer. The low temperature magnetometry (0.08-4.2 K) was performed on the natural Gd sample using a purpose-built SQUID magnetometer equipped with a dilution refrigerator [23] . The specific heat of a Gd 2 Ir 2 O 7 pellet was measured with a Quantum Design PPMS relaxation-time calorimeter from 0.4 to 10 K using a 3 He insert. Calculations were performed using an hybrid Monte Carlo (MC) method with a single-spin-flip Metropolis algorithm. The MC method is combined to an integration of the nonlinear coupled equations of motion for spin dynamics to obtain the dynamical scattering function S(Q, ω) [24] . Complementary calculations were carried out in the Random Phase Approximation (RPA) [25] , which describes better the ordered phase properties but overestimates the transition temperatures. Figure 2(a) shows the magnetization versus temperature measured following a zero field cooled -field cooled procedure (ZFC-FC). A separation of the two curves below T Ir =120 K indicates the ordering of the Ir 4+ sub-lattice, coinciding with the metal-insulator transition reported in these pyrochlore iridates [5] . To determine the magnetic structure below T Ir , neutron diffraction experiments were performed (see Fig. 3 ). Magnetic Bragg peaks are observed in the diffractograms difference between 1.5 and 200 K. They can be indexed with a k = 0 propagation vector and their intensities are well accounted for by an AIAO magnetic arrangement of both the Gd 3+ and the Ir 4+ . Although weak compared to the Gd 3+ ones, the inclusion of the Ir 4+ magnetic moments, refined to 0.30(3) µ B below 50 K, significantly improves the goodness of the Rietveld fit performed using the Fullprof software [26] . The Gd 3+ ordered magnetic moment shows a strong increase below 50 K with a maximum value of 4.35(4) µ B at 1.5 K (See Fig. 3(b) ). This temperature dependence is characteristic of an induced order of the Gd magnetic moment by the AIAO Ir molecular field, through an Ir-Gd magnetic coupling.
However, an additional diffuse scattering appears below 50 K as a broad bump with a maximum around 1.15 Å −1 (see arrows in Figs 3(a) and (c)). The nature of this bump can be understood by performing, on the D4c magnetic diffractogram, a mPDF (magnetic pair distribution function) analysis which provides equal sensitivity for short-and long-range orders visualized in real space [27] . The obtained mPDF is compared in Fig. 3(d) to the calculated mPDF for a pure AIAO magnetic long-range order. A clear difference is observed around 3.6 Å, the distance between Gd first neighbors, where a negative peak is present in the Gd 2 Ir 2 O 7 data. Such a negative peak is associated with antiferromagnetic correlations of the spin components in the direction perpendicular to the pair bond [27] and is ascribed to the Gd-Gd first neighbor interactions.
The onset of these Gd spin-spin correlations, different from the AIAO ones, might explain the irreversibility at about 1 K in the low temperature ZFC-FC magnetization (see inset of Fig. 2(a) ) and the broad signal around 2 K in the specific heat (see Fig. 2(c) ). These correlations finally lead to a magnetic phase transition at about 650 mK, which manifests as a sharp peak in specific heat, and is smeared out for a magnetic field of 0.5 T.
The coexistence of AIAO Bragg peaks with diffuse scattering at 5 K was confirmed by polarized neutron diffraction (see Fig. 4 ). Below 1.2 K, the signal evolves towards a pattern typical of a PC magnetic configuration (see Figs. 4(c)-(d) ), characterized by two peaks at 1.05 and 1.22 Å −1 [28] . Consistent with the mPDF analysis, this demonstrates that the Gd magnetic moments eventually have, at low temperature, a PC component perpendicular to the <111> directions. We estimate, from a Fullprof refinement shown in Fig. 4(d) , the AIAO and PC components to M =4.40(4) and M ⊥ =5.50(4) µ B , respectively, at 1.2 K. This yields a total magnetic moment of 7.04(13) µ B in agreement with the expected value for Gd 3+ . In spite of the well-defined specific heat peak, this PC order is not totally long-range since only 1.2 µ B are in the resolution-limited PC Bragg peaks at 50 mK while the remaining signal is more diffuse (correlation length estimated to 7 Å). Inelastic neutron scattering experiments were performed to probe the excitation spectrum associated to this peculiar magnetic state (see Fig. 5 ). The only visible feature is a quasielastic signal at high temperature that transforms at 100 K into a non-dispersive magnetic excitation peaked around 0.3 meV. In a first approximation, the Gd 3+ ion displays no orbital component and is therefore insensitive to the local crystalline electric field (CEF). The observed inelastic signal is then explained by the splitting of the spin ground octet 8 S 7/2 of the Gd
3+
by the Ir molecular field. Due to Gd-Gd interactions, this excitation becomes modulated at lower temperature with a minimum at around 1.15 Å −1 , the momentum transfer where the PC diffuse scattering has maximum intensity.
Actually, a small admixture with multiplets of non zero orbital moments is possible. This can confer to the Gd 3+ magnetic moments a very weak easy-plane anisotropy, as reported for the Sn and Ti isostructural compounds [29, 30] , and can also result in anisotropic exchange. Although weak, this orbital contribution is a key ingredient for the interpretation of the peculiar magnetic properties of Gd 2 Ir 2 O 7 as discussed below.
In order to reproduce the experimental results, we considered the Hamiltonian:
where S i is the i th Gd 3+ magnetic moment, J > 0 the Gd-Gd first neighbor antiferromagnetic isotropic exchange interaction and D pd defines an anisotropic interaction limited to first neighbors with r their separation distance. This term has the same anisotropy as the first neighbor dipolar interaction, for which
2 − S(S + 1). At T = 0, considering only the interaction terms, J and D pd > 0, leads to PC magnetic ordering [12] . However, as soon as H loc = 0, the AIAO order parameter M rises at the expense of the PC one M ⊥ . With the full model − including the molecular field and single-ion anisotropy − and following Ref. 31 , we obtain the ground state energy per spin for a single tetrahedron:
This demonstrates that the AIAO and PC order parameters are not coupled. The corresponding magnetic orderings can therefore coexist over a wide range of J, D pd , H loc , and B 0 2 values (see Fig. 1(d) ). The ratio M ⊥ /M , independent of J, is equal to tan θ with:
where H c is the critical field above which the full AIAO ordering is achieved. We then searched for the best parameters J, D pd , H loc , and B 0 2 reproducing the experiments on Gd 2 Ir 2 O 7 . Considering isotropic spins (B 0 2 = 0) and dipolar interactions (D pd = D dip = 0.0519 K), we were not able to reproduce simultaneously the temperature dependence of M and the value of θ. Hence, the presence of significant singleion anisotropy and anisotropic interactions beyond the dipolar ones are compulsory to obtain coexisting PC and AIAO spin correlations.
A final set of parameters in good agreement with all our experimental data is J = 0.23 K, D pd = 0.11 K, µ 0 H loc = 2.9 T and B 0 2 = 0.03 K, the value of the isotropic interaction J being mainly constrained by the isothermal magnetization curves (see Fig. 2(b) ). The B 0 2 term is found slightly smaller than those of Ti (0.074 K) and Sn (0.047 K) compounds [29, 30] , while the pseudodipolar term D pd is larger than D dip . Assuming pure dipolar interactions leads to B 0 2 > 0.17 K, which is large compared to the Ti and Sn compounds values, and thus supports the presence of enhanced anisotropic interactions of pseudo-dipolar form. Other anisotropic couplings are allowed by symmetry [32] but are less relevant in this system. Finally, we checked that the long-range part of the dipolar interaction does not change significantly the results with the chosen parameters. Using these parameters, the calculated specific heat shows a correlation bump followed by a sharp peak around 800 mK as in the experimental data (see Figs.  2(c)-(d) ). The temperature dependence of the AIAO ordered moment component is also reproduced (see Fig. 3(b) ) and correctly reflects the refined proportion of PC and AIAO contributions to the magnetic moment. Calculations reproduce the splitting of the Gd 3+ spin ground octet and its modulation down to 5 K (see Fig. 5 ), except for a quasielastic signal present in the measurements at all temperatures.
At lower temperature, discrepancies are nevertheless observed. The model predicts a perfect PC long-range ordering below the transition temperature, whereas the measurements rather feature a distribution of correlation lengths. The M (H) curves calculated with RPA below the mean-field ordering temperature also show anomalies revealing field induced magnetic phases (inflexion points at µ 0 H ∼1 and 4.3 T) which are not visible in the experiments (see Fig. 2(b) ). The measured excitations are broader and less defined than in the calculations. Especially, spin waves clearly develop in the calculations below 5 K (see Fig. 5(b) ). They are fully gapped in the ordered regime of RPA calculations as expected in the presence of a molecular field and an ordered PC state [33] [34] [35] .
Therefore, while our analysis successfully describes the coexistence of PC and AIAO correlations of the Gd 3+ spin components, it cannot explain the measured incomplete PC ordering. This discrepancy might be attributed to the presence of defects. In pyrochlore iridates, the substitution of Ir 4+ by non magnetic Ir 3+ [36] or magnetic Ir 5+ [37] has been proposed, which changes the Ir local field. Oxygen defects can also be present and will considerably modify the exchange paths, which is expected to affect more strongly the PC phase stabilized by Gd-Gd interactions than the AIAO phase. In addition to the fragility of the PC order parameter, the presence of defects could explain the ZFC-FC irreversibilities observed in magnetization measurements. This also seems in line with recent theoretical investigations of the influence of defects in easy-plane pyrochlores which have shown that they can impede PC long-range ordering [38] . This effect could be enhanced if the system is located in a region where the PC order parameter varies rapidly. This scenario calls to mind the situation of the pyrochlore oxide Yb 2 Ti 2 O 7 , at the vicinity of a phase diagram boundary [39, 40] . It displays similar partial ordering with strongly sample dependent properties, ascribed to the presence of defects [41] .
In conclusion, we have investigated the role of a staggered AIAO magnetic field competing with the rare-earth exchange interactions in Gd 2 Ir 2 O 7 , a new member of the pyrochlore iridate family. The Gd-Gd magnetic interactions developing at low temperature lead to a complex antiferromagnetic pattern, with two AIAO and PC orthogonal components, the PC one being ill-ordered. Our analysis points out the role in this frustrated system of usually neglected terms for Gd 3+ ions, such as weak single-ion anisotropy and anisotropic interactions, to explain our experimental findings.
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